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(54) Optical head apparatus for different types of disks 



(57) In an optical head apparatus for two or more 
different types of discs (A, A', B), there are provided a 
first light source (11 ) for a first wavelength light beam, a 
second light source (12) for a second wavelength light 
beam, and an objective lens (6, 6\ 6") for leading the 
first and second wavelength light beams to one of the 
discs. A holographic optical element <5\ 5") is provided 
to converge or diverge only one of the first and second 
wavelength light beams. Or, an aperture limiting ele- 
ment (2801) is provided to adjust an effective numerical 
aperture of the objective lens for only one of the first and 
second wavelength light beams. 



Fig. 5 
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Description 

[0001] The present invention relates to an optical head apparatus for different types of disks which have different 

thicknesses and/or different densities. 
5 [0002] A first prior art optical head apparatus has been known for two types of disks, i.e., a high density thin disk 

such as a 0.6 mm thick digital video disk and a low density thick disk such as a 1 .2 mm thick compact disk <see : Y. 

Komma et ai., "Dual Focus Optical Head for 0.6 mm and 1 .2 mmOisks", Optical Review Vol. 1 , No. 1 , pp. 27-29, 1 994). 

This first prior art optical head apparatus includes a single light source for a light beam, an objective lens for leading 

the light beam to one of the disks, and a holographic optical element for splitting the light beam into a zeroth order light 
10 beam (transmission light beam) and a + 1 st order diffraction light beam. As a result, the transmission light beam passes 

through the objective lens, so that this light beam can be focused at one type of the disks. On the other hand, the + 

1st order diffraction light beam passes through the objective lens, so that this light beam can be focused at another 

type of the disks. This will be explained later in detail. 

[0003] In the above-described first prior art apparatus, however, since the incident light beam is split into the trans- 
15 mission light beam and the + 1st order diffraction light beam, the efficiency of the light beam is low, this reducing the 
signal-to-noise (S/N) ratio. 

[0004] A second prior art optical head apparatus has been known for two types of disks, i.e., a high density thick 
disk such as a 1 .2 mm thick digital video disk and a low density thick disk such as a 1 .2 mm thick compact disk. This 
second prior art optical head apparatus includes a single light source for a light beam and an objective lens for leading 
20 the light beam to one of the disks. This will be explained later in detail. 

[0005] In the above-described second prior art apparatus, however, it is actually impossible to read the two types of 
disks whose densities are different. 

[0006] It is an object of the present invention to provide an optimum optical head apparatus for different types of disks. 

[0007] According to the present invention, in an optical head apparatus fortwo or more different types of disks, there 
25 are provided a first light source for a first wavelength light beam, a second light source for a second wavelength light 

beam, and an objective lens for leading the first and second wavelength light beams to one of the disks. A holographic 

optical element is provided to converge or diverge only one of the first and second wavelength light beams. Or, an 

aperture limiting element is provided to adjust an effective numerical aperture of the objective lens for only one of the 

first and second wavelength light beams. 
30 [0008] The present invention will be more clearly understood from the description as set forth below, in comparison 

with the prior art, with reference to the accompanying drawings, wherein: 

Fig. 1 is a diagram illustrating a first prior art optical head apparatus; 
Fig. 2 is a plan view of the holographic optical element of Fig. 1 ; 
35 Figs. 3A and 3B are cross-sectional views of the holographic optical element of Fig. 1 ; 

Fig. 4 is a diagram illustrating a second prior art optical head apparatus; 

Fig. 5 is a diagram illustrating a first embodiment of the optical head apparatus according to the present invention; 
Figs. 6A and 6B are cross-sectional views of a part of the holographic optical element of Fig. 5; 
Fig. 7 is a cross -section a I view of the entire holographic optical element of Fig. 5; 
40 Fig. 8 is a diagram illustrating a second embodiment of the optical head apparatus according to the present inven- 

tion; 

Fig. 9 is a cross-sectional view of the entire holographic optical element of Fig. 8; 

Figs. 10A, 10B, 11 A, 11B, 12A, 12B, 13A and 13B are diagrams of the interference filter of Figs. 5 and 8; 

Fig. 1 4 is a detailed diagram of a first example of the module of Figs. 5 and 8; 
45 Figs. 15A and 15B are enlarged diagrams of the laser diode and the photodetector of Fig. 14; 

Fig. 16A is an enlarged plan view of the grating of Fig. 14; 

Fig. 16B is an enlarged plan view of the holographic optical element of Fig. 14; 

Fig. 1 7 is an enlarged plan view of the photodetector of Fig. 14; 

Fig. 1 8 is a detailed diagram of a second example of the module of Figs. 6 and 8; 
50 Figs. 19 is an enlarged cross-sectional view of the polarizing polographic optical element of Fig. 18; 

Fig. 20 is an enlarged plan view of the polarizing holographic optical element of Fig. 18; 

Fig. 21 is an enlarged plan view of the photodetector of Fig. 18; 

Fig. 22 is a detailed diagram of a third example of the module of Figs. 5 and 8; 

Fig. 23A is an enlarged plan view of the polarizing grating of Fig. 22; 
55 Rg. 23B is an enlarged plan view of the holographic optical element of Fig. 22; 

Fig. 24 is a cross-sectional view of the microprism of Fig. 22; 

Fig. 25 is an enlarged plan view of the photodetector of Fig. 22; 

Fig. 26 is a diagram illustrating a third embodiment of the optical head apparatus according^ the present invention; 
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Fig. 27 is a diagram illustrating a fourth embodiment of the optical head apparatus according to the present inven- 
tion; 

Fig. 28 is a diagram illustrating a fifth embodiment of the optical head apparatus according to the present invention; 

Fig. 29A is a plan view of a first example of the aperture limiting element of Fig. 28; 
5 Fig. 29B is a cross-sectional view taken along the line B-B of Fig. 29A; 

Fig. 30A is a plan view of a second example of the aperture limiting element of Fig. 28; 

Fig. 30B is a cross -section a I view taken along the line B-B of Fig. 30A; 

Fig. 31 A is a plan view of a third example of the aperture limiting element of Fig. 28; 

Fig. 31 B is a cross-sectional view taken along the line B-B of Fig. 31 A; 
10 Fig. 32 is a diagram illustrating a sixth embodiment of the optical head apparatus according to the present invention; 

Fig. 33 is a cross-sectional view of a first example of the aperture limiting holographic optical element of Fig. 32; 

Fig. 34A is a front plan view of the element of Fig. 33; 

Figs. 34B is a rear plan view of the element of Fig. 33; 

Fig. 35 is a cross-sectional view of a second example of the aperture limiting holographic optical element of Fig. 32; 
is Fig. 36A is a front plan view of the element of Fig. 35; and 

Figs. 36B is a rear plan view of the element of Fig. 35. 

[0009] Before the description of the preferred embodiments, prior art optical head apparatuses will be explained with 

reference to Figs. 1 , 2, 3A, 3B and 4. 
20 [0010] In Fig. 1 , which illustrates a first prior art optical head apparatus (see: Y. Komma et al, "Dual Focus Optical 

Head for 0.6 mm and 1.2 mm Disks", Optical Review, Vol. 1, No. 1, pp. 27-29, 1994), reference A designate a high 

density thin disk such as is an about 0.6 mm thick digital video disk, and B is a low density thick disk such as an about 

1 .2 mm thick compact disk- record able (CD-R). Note that only one of the disks A and B is mounted on the apparatus. 

[001 1 ] In Fig. 1 , reference numeral 1 designates a laser diode for emitting a light beam to a half mirror 2, and reference 
25 numeral 3 designates a quadrant photodetector. Provided between the half mirror 2 and the disk A (or B) are a collimator 

lens 4, a holographic optical element 5 and an objective lens 6. Also, provided between the half mirror 2 and the 

photodetector 3 is a concave lens 7, 

[0012] About half of the light beam emitted from the laser diode 1 is reflected at the half mirror 7 and is incident to 
the collimator lens 4 which generates a collimated light beam. The collimated light beam is incident to the holographic 
30 optical element 5. 

[0013] A zeroth order light beam (transmission light beam) of the holographic optical element 5 is incident as a 
collimated light beam to the objective lens 6, and then, is focused on the disk A. A reflected light beam from the disk 
A is again incident via the objective lens 6 to the holographic optical element 5, and is split into a zeroth order light 
beam (transmission light beam) and a + 1st order diffraction light beam at the holographic optical element 5. 

35 [0014] On the other hand, a + 1st order diffraction light beam of the holographic optical element 5 is incident as a 
divergent light beam to the objective lens 6 and then, is focused on the disk B. A reflected light beam from the disk B 
is again incident via the objective lens 6 to the holographic optical element 5, and is split into a zeroth order light beam 
(transmission light beam) and a + 1st order diffraction light beam at the holographic optical element 5. 
[0015] The transmission light beam at the holographic optical element 5 of the reflected light beam from the disk A 

40 and the + 1st order diffraction light beam at the holographic optical element 5 of the reflected light beam from the disk 
B are incident as collimated light beams to the collimator lens 4. 

[001 6] Half of the light beam passed through the collimator lens 4 passes through the half mirror 2, and further passes 
through the concave lens 7 to reach the photodetector 3. 

[0017] In the photodetector 3, a focusing error signal is detected by an astigmatism method using astigmatism gen- 
45 erated at the half mirror 2, and a tracking error signal is detected by a push-pull method. Also, an information signal is 
detected by a sum of the four outputs of the photodetector 3. 

[0018] The objective lens 6 has a spherical aberration capable of compensating for a spherical aberration caused 
when the outgoing transmission light beam of the objective lens 6 is incident to the disk A and returns therefrom. 
Therefore, the zeroth order light beam (transmission light beam) of the holographic optical element 5 can be focused 

so at the disk A without aberrations. On the other hand, the holographic optical element 5 has a spherical aberration 
capable of compensating for a sum of a spherical aberration caused when the outgoing + 1st order diffraction light 
beam of the holographic optical element 5 is incident to the disk B and returns therefrom and a spherical aberration of 
the objective lens 6 caused when the outgoing + 1st order diffraction light beam of the holographic optical element 5 
is incident to the objective lens 6 and returns therefrom. Therefore, the + 1st order diffraction light beam of the holo- 

55 graphic optical element 5 can be focused at the disk B without aberrations. 

[0019] In Fig. 2, which is a plan view of the holographic optical element 5 of Fig. 1 , the holographic optical element 
5 includes concentric interference fringes. Therefore, the holographic optical element 5 can compensate for the above- 
described spherical aberration of the + 1st order diffraction light beam, and also can serve as a concave lens for the 
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+ 1 st order diffraction light beam. As a result, trie focal point of the + 1st order diffraction light beam at the disk B is far 
from the focal point of the transmission light beam at the disk A, so that the distance between the -surface of the disk 
A and the objective lens 6 can be about the same as the distance between the surface of the disk B and the objective 
lens 6. 

[0020] In Fig. 3A, which is a cross-sectionai view of the holographic optica! element 5 of Fig. 1 , the grating shape is 
rectangular, and as a result, a spurious - 1 st order diffraction light beam as well as the + 1st order diffraction light beam 
is generated, and in this case, the intensity of the - 1st order diffraction light beam is about the same as that of the + 
1st order diffraction light beam. Thus, the efficiency of light is reduced. 

[0021] In Fig. 3B, which is also a cross-sectional view of the holographic optical elements of Fig. 1 , the grating shape 
is blazed, and as a result, the intensity of the + 1st order diffraction light beam is increased while the intensity of the - 
1st order diffraction light beam is decreased. In this case, if the height of the saw-tooth portion is 2h, the refractive 
index is n, and the wavelength of the incident light is \, the transmittance r\ 0 and the diffraction efficiency r\ of + 1 st 
order diffraction light are represented by + 

t\ 0 = (sin 2 $)/ $ 2 (1) 
n +1 = <sin 2 <)> )/«>- k) 2 {2 ) 



where $ = 2 7t (n-1 )h/ X 

[0022] lf<(> = 7c/2, Ti 0 = -n + 1 = 0.405, so that the efficiency of the going and returning light is t\ o 2 = -q 1 2 = o.1 64. 
Therefore, the amount of light received by the photodetector 3 is only 0.164 times as compared with a conventional 
optical head apparatus, which reduces the S/N ratio of an information signal. In other words, if the power of the laser 
diode 1 is increased to 6.10 times as compared with the conventional laser diode for a non-dual focus optical nead 
apparatus, the photodetector 3 receives light whose amount is the same as the conventional photodetector. Further, 
in order to write the disk A or B, the power of the laser diode 1 has to be further increased; however, it is actually 
impossible to further increase the power of the laser diode 1 . ' 
[0023] Further, in the first prior art optica! head apparatus, the wavelength of the laser diode 1 for the disk A which 
is, in this case, a digital video disk is 635 to 655 nm to obtain a small focused spot. On the other hand, the wavelength 
of the laser diode 1 for the disk B which is, in this case, a compact disk-recordable (CD-R) using organic dye material 
has to be 785 nm, so that a reflectivity higher that 70% is obtained. If the wavelength of the laser diode 1 is 635 to 655 
nm, a reflectivity of only about 10% is obtained, so that it is impossible to read the CD-R. 

[0024] In Fig. 4, which illustrates a second prior art optical head apparatus, A' is a high density disk such as an about 
1 .2 nm thick digital video disk, and the disk B is a low density thick disk such as an about 1 .2 mm thick CD-R. Note 
that one of the disks A' and B is mounted on the apparatus. 

[0025] In Fig. 4, the holographic optical element 5 of Fig. 1 is not provided, since the disks A' and B have the same 
thickness. Note that the radius of the focused spot at the disk A' or B is generally inversely proportional to the numerical 
aperture (NA) of the objective lens 6 and is proportional to the wavelength of the laser diode 1 . 
40 [0026] For the disk A\ in order to decrease the focused spot in response to the high density, the numerical aperture 
of the objective lens 6 is made large, for example, 0.52 to 0.6, and the wavelength of the laser diode 1 is made small 
for example, 635 to 655 nm. 

[0027] On the other hand, for the disk B, since the tolerance of the disk tilt has to be large, so that, it is necessary 
to suppress the generation of coma caused by the disktilt, the numerical aperture of the objective lens 6 is made small 
45 for example, 0.45. In addition, the CD-R type disk B is designed so that a reflectivity of higherthan 70% can be obtained 
for a 785 nm wavelength, the wavelength of the laser diode 1 is made about 785 nm. 

[0028] Thus, in the optical head apparatus of Fig. 4, two kinds of numerical apertures are required for the objective 
lens 6 in order to read the two kinds of disks A' and B; therefore, it is actually impossible for the optical head apparatus 
of Fig. 4 to read the two kinds of disks A' and B. 
50 [0029] In Fig. 5, which illustrates a first embodiment of the present invention, modules 11 and 1 2 and an interference 
filter 1 3 are provided instead of the laser diode 1 , the half mirror 2, the photodetector 3 and the concave lens 7 of Fig. 
1. Also, the holographic optical element 5 and the objective lens 6 of Fig. 1 are modified into a holographic optical 
element 5' and an objective lens 6\ respectively. 

[0030] The module 11 includes a laser diode for a 635 nm wavelength light beam and a photodetector, while the 
module 12 includes a laser diode for a 785 nm wavelength light beam and a photodetector. The interference filter 13 
transmits most of the 635 nm wavelength light beam therethrough, while the interference filter 1 3 reflects most of the 
785 nm wavelength light beam. 
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[0031] The 635 nm wavelength light beam emitted from the laser diode of the module 1 1 passes through the inter- 
ference filter 13 and is incident to the collimator lens 4 which generates a collimated light beam . The collimated light 
beam is incident to the holographic element 5'. Then, a zeroth order light beam (transmission light beam) of the holo- 
graphic optical element 5' is incident as a collimated light beam to the objective lens 6' and then, is focused on the disk 

5 A. A reflected light beam from the disk A is again incident via the objective lens 6' to the holographic optical element 
5'. The zeroth order light beam passes through the interference filter 13 to reach the photodetector of the module 11 . 
[0032] On the other hand, the 785 nm wavelength light beam emitted from the laser diode of the module 1 2 is reflected 
by the interference filter 13 and is incident to the collimator lens 4 which generates a collimated light beam . The 
collimated light beam is incident to the holographic optical element 5'. Then, a - 1st order diffraction light beam of the 

10 holographic optical element 5' is incident as a divergent light beam to the objective lens 6', and then, is focused on the 
disk B. A reflected light beam from the disk B is again incident via the objective lens 6' to the holographic optical element 
5'. The - 1st order diffraction light beam is reflected by the interference filter 13 and reaches the photodetector of the 

module 12. . 

[0033] In Fig. 5, the objective lens 6' has a spherical aberration capable of compensating for a spherical aberration 

is caused when the 635 nm wavelength outgoing transmission light beam of the objective lens 6' is incident to the disk 
A and returns therefrom. Therefore, the zeroth order 635 nm wavelength light beam (transmission light beam) of the 
holographic optical element 5' can be focused at the disk A without aberrations. On the other hand, the holographic 
optical element 5' has a spherical aberration capable of compensating for a sum of a spherical aberration caused when 
the 785 nm wavelength outgoing - 1st order diffraction light beam of the holographic optical element 5' is incident to 

20 the disk B and returns therefrom and a spherical aberration of the objective lens 6' caused when the outgoing - 1st 
order diffraction 785 nm wavelength light beam of the holographic optical element 5' is incident to the objective lens 
6' and returns therefrom. Therefore, the - 1st order diffraction 785 nm wavelength light beam of the holographic optical 
element 5' can be focused at the disk B without aberrations. 

[0034] Also, the holographic optical element 5* includes concentric interference fringes as illustrated in Fig. 2. There- 
25 fore, the holographic optical element 5' can compensate for the above-described spherical aberration of the - 1 st order 
diffraction 785 nm wavelength light beam, and also can serve as a concave lens for the - 1st order diffraction 785 nm 
wavelength light beam. As a result, the focal point of the - 1st order diffraction light beam at the disk B is far from the 
focal point of the transmission light beam at the disk A, so that the distance between the surface of the disk A and the 
objective lens 6' can be about the same as the distance between the surface of the disk B and the objective lens 6'. 
30 [0035] In Figs. 6A and 6B, which are cross-sectional views of a part of the holographic optical element 5' of Fig. 5, 
the grating shape is staircuse. For example, in order to form the holographic optical element 5' of Fig. 6A, a first silicon 
oxide layer is deposited on a glass substrate 501 , and then a silicon oxide pattern 502 is formed by a photolithography 
process. Next, a second silicon oxide layer is deposited on the silicon oxide pattern 502, and then, silicon oxide patterns 
503 and 504 are simultaneously formed by a photolithography process. On the other hand, in order to form the holo- 
35 graphic optical element 5' of Fig. 6B, a glass substrate 505 is etched by a photolithography process to form a groove 
506 within the glass substrate 505. Next, the glass substrate 505 is etched by a photolithography process to form 
grooves 507 and 508 within the glass substrate 505. 

[0036] In Figs. 6A and 6B, if the height of the staircase portion is h/2, the refractive index is n, and the wavelength 
of the incident light is X, the transmittance t\ 0 , the diffraction efficiency r\ + , of the + 1 st order diffraction light and the 
40 diffraction efficiency n _ n of the - 1 st order diffraction light are represented by 

t\ 0 = cos 2 («> /2) cos 2 <<|> /4) <3) 
r\ + t = (8/ n 2 ) sin 2 (<|> /2) cos 2 [(<|> - ic)/4)] (4) 
it . t =<8/ it 2 ) sin 2 <<|> /2) cos 2 [(<(>+ ic)/4)] (5) 
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where $ = 2 n (n-1 )h/X 

[0037] For example, if h = 2.76 u, m and n = 1 .46, then 
<(> = 4 n for X = 635 nm. Therefore, 

55 n o - 1 ' 1 Wi- 0and i-i"° 

As a result, the efficiency of the going and returning 635 nm wavelength light is 
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,o 2 = 1. 



Thus, the S/N ratio of the information signal at the photodetector of the module 11 is almost the same as that in the 
conventional non-dual focus optical head appratus. This also makes it possible to write the disk A. 
[0038] On the other hand, 

4> = 3.23 7t for X = 7B5 nm. Therefore, 

ti 0 = 0.0851 , 11 + , = 0.023 and r\ . A = 0.685 

As a result, the efficiency of the going and returning 785 nm wavelength light is 



15 

[0039] Therefore, the amount of light received by the photodetector of the module 1 2 is 0.471 times as comparedwith 
a conventional optical head apparatus, so that the S/N ratio of the information signal is hardly reduced. Also, if the 
power of the laser diode of the module 12 is increased to 2.12 times as compared with the conventional laser diode 
for a non-dual focus optical head apparatus, the photodetector of the module 12 receives light whose amount is the 
20 same as the conventional photodetector. Note that it is easy to increase the power of the laser diode of the module 12 
at such a level. 

[0040] Further, the wavelength of the laser diode of the module 12 for the disk B which is, in this case, a CD-R using 
organic dye material, is 785 nm, so that it is possible to write the CD-R. 

[0041] In Fig. 7, which is a cross-sectional view of the entire holographic optical element S' of Fig. 5, reference D1 
25 designates an effective diameter of the objective lens 6'. In this case, concentric interference fringes are provided only 
inside an area having a diameter D2 smaller than the effective diameter D1 . Therefore, the 635 nm wavelength light 
completely passes through the inside of the area defined by the diameter D1 . On the other hand, 68.8% of the 785 nm 
wavelength light is diffracted as a - 1st order diffraction light by the inside of the area defined by the diameter D2, while 
the 785 nm wavelength light completely passes through the inside of the area defined by the diameter 02. Note that, 
30 jf a focal length f of the objective lens 6 is 2.6 mm and the diameters D1 and D2 are 1 .56X2 mm and 1 .17x2 mm] 
respectively, the effective numerical aperture for the 635 nm wavelength light is D1/2f = 0.6. and the effective numerical 
aperture for the 785 nm wavelength light is D2/2f = 0.45. 

[0042] In Fig. 8, which illustrates a second embodiment of the present invention, the holographic optical element 5' 
and the objective lens 6' of Fig. 5 are modified into a holographic optical element 5" and an objective lens 6 M , respectively 

35 [0043] The 635 nm wavelength light beam emitted from the laser diode of the module 11 passes through the inter- 
ference filter 13 and is incident to the collimator lens 4 which generates a collimated light beam. The collimated light 
beam is incident to the holographic optical element 5\ Then, a + 1st order diffraction light beam of the holographic 
optical element 5" is incident as a convergent light beam to the objective lens 6", and then, is focused on the disk A. 
A reflected light beam from the disk A is again incident via the objective lens 6' to the holographic optical element 5 W . 

40 The + 1st order diffraction light beam passes through the interference filter 13 to reach the photodetector of the module 
11. 

[0044] On the other hand, the 785 nm wavelength light beam emitted from the laser diode of the module 1 2 is reflected 
by the interference filter 13 and is incident to the collimator lens 4 which generates a collimated light beam . The 
collimated light beam is incident to the holographic optical element 5". Then, a zeroth order light beam {transmission 
45 light beam) of the holographic optical element 5" is incident as a collimated light beam to the objective tens 6", and 
then, is focused on the disk B. A reflected light beam from the disk B is again incident via the objective lens € M to the 
holographic optical element 5 W . The zeroth order light beam is reflected by the interference filter 13 and reaches the 
photodetector of the module 12. 

[0045] In Fig. 8, the objective lens 6 M has a spherical aberration capable of compensating for a spherical aberration 
so caused when the 785 nm wavelength outgoing transmission light beam of the objective lens 6" is incident to the disk 
B and returns therefrom. Therefore, the zeroth order 785 nm wavelength light beam (transmission light beam) of the 
holographic optical element 5" can be focused at the disk B without aberrations. On the other hand, the holographic 
optical element 5° has a spherical aberration capable of compensating for a sum of a spherical aberrationcaused when 
the 635 nm wavelength outgoing + 1st order diffraction light beam of the holographic optical elements" is incident to 
55 the disk A and returns therefrom and a spherical aberration of the objective lens 6" caused when the outgoing + 1st 
order diffraction 635 nm wavelength light beam of the holographic optical element S" is incident to the objective lens 
6" and returns therefrom. Therefore, the + 1 st order diffraction 635 nm wavelength light beam of the holographic optical 
element 5" can be focused at the disk A without aberrations. 
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[0046] Also, the holographic optical element 5" includes concentric interference fringes as illustrated in Fig. 2. There- 
fore, the holographic optical element 5" can compensate for the above-described spherical aberration of the + 1 st order 
diffraction 635 nm wavelength light beam, and also can serve as a convex lens for the + 1st order diffraction 635 nm 
wavelength light beam. As a result, the focal point of the + 1st order diffraction light beam at the disk A is near from 
5 the focal point of the transmission light beam at the disk B, so that the distance between the surface of the disk A and 
the objective lens 6" can be about the same as the distance between the surface of the disk B and the objective lens 6". 
[0047] The holographic optical element 5" of Fig. 8 is also illustrated in Figs. 6A and 6B. For example, in the above- 
mentioned formulae (3), (4) and (5). if h = 3.45 p. m and n = 1 .46, then 

10 $ = 5 k for X = 635 nm 

Therefore, 

As a result, the efficiency of the going and returning 635 nm wavelength light is 
Tl + 1 2 = 0.658 

15 

[0048] On the other hand, 
<t> = 4.04 n for X - 785 nm 

Therefore, , 
20 t\ 0 = 0.955T| +1 = 0.002 and . =0.001 

As a result, the efficiency of the going and returning 785 nm wavelength light is 
ti 0 2 = 0.990 

[0049] Thus, the diffraction efficiency of the + 1 st order diffraction light is increased while the diffraction efficiency of 

25 the - 1 st order diffraction light is decreased. 

[0050] Therefore, the amount of light received by the photodetector of the module 11 is 0.658 times as compared 
with a conventional optical head apparatus, so that the S/N ratio of the information signal is hardly reduced. If the power 
of the laser diode of the module 11 is increased to 1 .52 times as compared with the conventional laser diode for a non- 
dual focus optical head apparatus, the photodetector of the module 1 1 receives light whose amount is the same as the 

30 conventional photodetector. Notethatitis easy to increase the power of the laser diode of the module 11 atsuch a level. 
[0051] Therefore, the S/N ratio of the information signal at the photodetector of the module 12 is almost the same 
as that in the conventional non-dual focus optical head apparatus. This also makes it possible to write the disk B. 
[0052] Further, the wavelength of the laser diode of the module 12 for the disk B which is in this case, a CD-R using 
organic dye material is 785 nm, so that it is possible to read the CD-R. 

35 [0053] In Fig. 9, which is a cross-sectional view of the entire holographic optical element 5" of Fig. 8 reference D1 
designates an effective diameter of the objectivelens 6". In this case, concentric interference fringes are provided on 
the entire area. Also, an interference filter layer 509 and a phase compensation layer 510 are provided only outside 
the area having diameter D2 smaller than th diameter D1 . The interference filter layer 509 completely passes the 635 
nm wavelength light therethrough, while the interference filter laye 509 completely reflects the 785 nm wavelength 

40 light. The phase compensation laye 510 adjusts a phase difference in between the 635 nm wavelength light passed 
through the interference filter layer 509 and the phase compensation layer 510 and the 635 nm wavelength light passed 
through the air, so that this phase difference is brought close to 2 n. Therefore, 81 .8% of the 635 nm wavelength light 
is diffracted an the + 1st order diffraction light by the inside of the area defined by the diameter D1 . On the other hand, 
99.5% of the 785 nm wavelength light passes through the inside of the area defined by the diameter D2, while the 785 

45 nm wavelength light is completely reflected by the outside the area defined by the diameter D2. Note that, If a focal 
length f of the objective lens 6" is 2.6 mm and the diameters D1 and D2 are 1 .56 x2 mm and 1.17x2 mm, respectively, 
the effective numerical aperture for the 635 nm wavelength light is D1/2f = 0.8 and the effective numerical aperture for 
the 785 nm wavelength light is D2/2f = 0.45. 

[0054] Note that the phase compensation layer 510 as well as the glass substrate 501 can be formed by one glass 
so substrate. Also, the staircase portion <502, 503, 504) as well as the glass substrate 501 can be formed by one glass 
substrate as illustrated in Fig. 6B. 

[0055] Further, the holographic optical element 5' or 5" of Fig 5 or 8 can be formed directly on the objective lens 6' 
or 6" of Figs. 5 or 8. 

[0056] In Figs. 10A and 10B, which are cross-sectional views of an example of the interference filter 13 of Figs. 5 
55 and 8, a dielectric multilayer film 131 is sandwiched by two glass blocks 132 and 133. As illustrated in Fig. 10A, the 
635 nm wavelength light is incident at an angle of 45 ° to the dielectric multilayer film 131 and completely passes 
therethrough. On the other hand, as illustrated in Fig. 1 0B, the 785 nm wavelength light is incident at an angle of 45° 
to the dielectric multilayer film 131 and is completely reflected thereby. 
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[0057] In Figs 11 A and 1 1 B, which are cross-sectional views of another example of the interference filter 1 3 of Figs. 
5 and 8, dielectric multilayers 134 amd 135 are sandwiched by three glass blocks 136, 137 and 138. As illustrated in 
Fig. 11 A, the 635 nm wavelength light is incident at an angle of 22.5° to the dielectric multilayer film 1 35 andcompletely 
passes therethrough. On the other hand, a illustrated in Fig. 11 B, the 785 nm wavelength light is incident at an angle 

5 of 22.5° to the dielectric multilayer films 1 34 and 1 35 and is completely reflected thereby. 

[0058] If the wavelength of the laser diode of the module 11 of Figs. 5 and 8 is 785 nm and the wavelength of the 
laser diode of the module 12 of Figs. 5 and 8 is 635 nm, the elements 131 through 138 of the interference filter 13 of 
Figs. 1 0A and 1 0B are modified. In this case, the 785 nm wavelength light completely passes through the interference 
filter 13, while the 635 nm wavelength light is completely reflected by the interference filter 13 as shown in Figs 12A 

10 and 13B. 

[0059] Note that, if the polarization direction of the outgoing light of the laser diode is the same as that of reflected 
light from the disk A or B, a polarizing beam splitter can be used instead of the interference filter 13. For example, the 
635 nm wavelength light is incident as a P polarization lightto the polarizing beam splitter, sothatthe 635 nm wavelength 
light completely passes therethrough. On trie other hand, the 785 nm wavelength light is incident as an S polarization 
*5 light to the polarizing beam splitter, so that the 785 nm wavelength light is completely reflected thereby. 

[0060] A first example of the module 11(12) of Figs. 5 and 8 is explained next with reference to Figs. 1 4, 1 5A, 1 5B, 
1 6A, 1 6B and 1 7. This module is suitable for a read-only disk. 

[0061] In Fig. 14, the module 11(12) includes a package 1401 containing a laser diode 1402 and a photodetector 

1403. Also, provided on a window of the package 1401 are grating 1404, a spacer 1405 and a holographic optical 
20 element 1406. Note that each of the grating 1404 and the holographic optical element 1406 is formed by patterning 

silicon oxide on a glass substrate. 

[0062] An outgoing light beam from the laser diode 1402 is split into a zeroth order light beam, (transmission light 
beam) a + 1st order diffraction light beam and a-1st order diffraction light beam at the grating 1404. Then, about 50% 
of each of the transmission light beam, the + 1 st order diffraction light beam and the - 1 st order diffraction light beam 
25 passes through the holographic optical element 1406. 

[0063] About 40 % of an incoming light beam from the disk A or B is split into a + 1 st order diffraction light beam and 
a - 1 st order diffraction light beam at the holographic optical element 1 406. The + 1 st order diffraction light beam and 
the - 1 st order diffraction light beam are incident to the photodetector 1 403. 

[0064] In Fig. 15A, which is an enlarged diagram of the laser diode 1402' and the photodetector 1403 of Fig. 14, the 
30 laser diode 1402 is mounted via a heat sink 1501 on the photodetector 1403. Also, a mirror 1502 is mounted on the 
photodetector 1403. Therefore, a light beam is emitted from the side of the laser diode 1402 and is reflected by the 
mirror 1 502, so that the light beam outgoes upward. 

[0065] In Fig. 15B, which is also an enlarged diagram of the laser diode 1402 and the photodetector 1403 of Fig. 14, 
the laser diode 1402 is mounted in a recess 1403a of the photodetector 1 403. Also, a mirror 1403b is formed by etching- 
's the photodetector 1403. Therefore, a light beam is emitted from the side of the laser diode 1402 and is reflected by 
the mirror 1403b, so that the light beam outgoes upward. 

[0066] In Fig. 16A, which is a plan view of the grating 1404of Fig. 14, linear interference fringes are formed only on 
a central portion 1 404a of the grating 1 404. The outgoing light beam from the laser diode 1 402 passes through an area 
inside the central portion 1404a, while the incoming light beam from the disk A or B passes through an area outside 

40 the central portion 1404a. 

[0067] In Fig. 1 6B, which is a plan view of the holographic optical element 1 406 of Fig. 14, offaxial concentric inter- 
ference fringes are formed on the entire surface. As a result, the holographic optical element 1406 serves as aconvex 
lens for the + 1 st order diffraction light, and serves as a concave lens for the-1 st order diffraction light. 
[0068] In Fig. 17, which is an enlarged plan view of the photodetector 1407 of Fig. 14, reference numerals 1701 

45 through 1710 designate photodetecting portions, and 1711 through 1716 designate beam spots. In this case, when 
the holographic optical element 1 406 receives the outgoing zeroth order (transmission) light beam from the grating 

1404, the incoming + 1st order diffraction light beam from the holographic optical element 1406 forms the beam spot 
1711 , and the incoming - 1st order diffraction light beam from the holographic optical element 1406 forms the beam 
spot 1712. Also, when the holographic optical element 1406 receives the outgoing + 1st order light beam from the 

so grating 1404, the incoming ± 1st order diffraction light beams from the holographic optical element 1 406 form the beam 
spots 1713 and 1714. Further, when the holographic optical element 1406 receives the outgoing - 1st order diffraction 
light beam from the grating 1 404, the incoming ± 1 st order diffraction light beams from the holographic optical element 
1406 form the beam spots 1715 and 1716. 

[0069] The photodetecting portions 1701, 1702, 1703, 1707 and 1709 are located at the backwardward of the focal 
55 points, while the photo/elector conversion portions 1 704, 1 705, 1 706, 1 708 and 1 71 0 are located at the forward of the 
focal points. 

[0070] In the photodetector 1403, a focusing error signal V f is calculated by using a known spot size method: 
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V f = V (1701) + V (1703) + V (1705) 
- V (1702) - V (1704) - V (1706) 

5 

Also, a tracking error signal V t is calculated by using a known 3-beam method: 

V t = V (1707) + V (1708) 
10 - V (1709) - V (1710) 

Further, an information signal V r is calculated by 

V i = V (1701) + V (1702) + V (1703) 
+ V (1704) + V (1705) + V (1706) 

20 Here, V (1701), V (1702), — , V (1710) are outputs of the photodetecting portions 1701 , 1702, — , 1710, respectively. 
[0071] A second example of the module 11(12) of Figs. 5 and 8 is explained next with reference to Figs. 1 8, 1 9, 20 
and 21 . This module is suitable for a write-once type disk or a rewritable phase change disk. 

[0072] In Fig. 18, the module 11(12) includes a package 1801 containing a laser diode 1802 and a photodetector 
1803. Also, provided on a window of the package 1801 are polarizing holographic optical element 1804 and a quarter 
25 wave plate 1805. 

[0073] An ordinary light beam completely passes through the polarizing holographic optical element 1804, while an 
extraordinary light beam is completely diffracted by the polarizing holographic optical element 1804. Therefore, the 
outgoing light beam from the laser diode 1802 is incident to the polarizing holographic optical element 1804 as the 
ordinary light and completely passes therethrough, and then, the quarter wave plate 1 805 converts a linearly polarizing 
30 light -to- a circularly polarizing light. The circularly polarizing light is incident to the disk A or B. Conversely, the quarter 
wave plate 1805 converts a circularly polarizing light -to- a linearly polarizing light, and then, the incoming light beam 
from the disk A or B is incident to the polarizing holographic optical element 1 804 as an extraordinary light is completely 
diffracted thereby. As a result, about 80% of the abnormal light is diffracted as ± 1 st order diffraction light and is received 
by the photodetector 1 803. 

35 [0074] As illustrated in Fig. 1 9, which is a cross-sectional view of the polarizing holographic element 1 804 of Fig. 1 8, 
the polarizing holographic optical element 1804 includes a lithium niobate substrate 1901 having a birefringent char- 
acteristics and a proton exchanged region 1902 and a phase compensation film 1903 on the substrate 1 901 . 
[0075] Also, as illustrated in Fig. 20, which is a plan view of the polarizing holographic optical element 1804, inter- 
ference fringes are split into four regions 2001 , 2002, 2003 and 2004. Note that an optic axis 2005 is perpendicular to 

40 the direction of polarization of the outgoing light beam of the laser diode 1 802. 

[0076] Also, the laser diode 1 802 is mounted on the photodetector 1 803 in the same way as shown in Fig. 1 5A or 1 SB. 
[0077] In Fig. 21, which is an enlarged plan view of the photodetector 1803 of Fig. 18, reference numerals 2101 
through 2108 designate photodetecting portions, and 2111 through 2118 designate beam spots. The + 1st order dif- 
fraction light beam from the region 2001 forms the beam spot 2111 , and the -1st order diffraction light beam from the 

45 area 2001 forms the beam spot 2115. Also, the + 1st order diffraction light beam from the area 2002 forms the beam 
spot 2112, and the - 1st order diffraction light beam from the area 2002 forms the beam spot 2116. Further, the± 1st 
order diffraction light beams from the region 2003 form the beam spots 2113 and 2117, and the ± 1st order diffraction 
light beams from the region 2004 form the beam spots 2114 and 211 8. 

[0078] In the photodetector 1 803, a focus error signal V f is calculated by using a known Foucault method: 

so 

V f = V (2101) + V (2104) 
• " - V (2102) - V (2103) 

55 

Also, a track error signal V t is calculated by using a known push-pull method: 
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V t = V(2105)-V<2106) 
Further, an information signal V r is calculated by 

5 

V| = V (2107) + V(2108) 

Here, V (2101), V (21 02), V (2108) are outputs of the photo detecting portions 2101 , 2102, 2108, respectively. 
10 [0079] A third example of the module 1 1 (1 2) of Figs. 5 and 8 is explained next with reference to Figs' 22, 23A, 23B 
24 and 25. This module is suitable for a rewritable magneto-optical disk. 

[0080] In Fig. 22, the module 11(12) includes a package 2201 containing a laser diode 2202, a photodetector 2203, 
and microprisms 2204 and 2205. Also, provided on a window of the package 2201 are a holographic optical element 
2206, a spacer 2207 and a polarizing grating 2208. 

is [0081] The polarizing grating 2208 has the same configuration as the polarizing homographic optical element 1804 
of Figs. 18, 19 and 20. That is, an ordinary light beam partly passes through the polarizing holographic grating 2208, 
while an extraordinary light beam is completely diffracted by the polarizing grating 2208. Therefore, about 80 % of the 
outgoing light beam from the laser diode 2202 passes through the holographic optical element 2206, to reach the 
polarizing grating 2208 as the ordinary light. Then, about 90% of the light passes through the polarizing grating 2208 

20 to reach the disk A or B. Conversely, about 8% of the ordinary component and about 80% of the extraordinary com- 
ponent of the light reflected by the disk A or B are diffracted by the polarizing grating as the ± 1st order diffraction light. 
Then, the + 1 st order diffraction light is received via the microprism 2204 by the photodetector 2203, and the - 1st order 
diffraction light is received via the microprism 2205 by the photodetector 2203. Also, about 20% of the ordinary com- 
ponent of the light reflected by the disk A or B passes through the polarizing grating 2208, to reach the holographic 

25 optical element 2206. Then, about 10 % of the light is diffracted as the ± 1st order diffraction light and is received by 
the photodetector 2203. 

[0082] In Fig. 23A, which is a plan view of the polarizing grating 2208 of Fig. 22, an opticl oxis 2301 is perpendicular 
to the direction of polarization of the outgoing light beam of the laser diode 2202. 

[0083] In Fig. 23B, which is a plan view of the holographic optical element 2206 of Fjg. 22, interference fringes are 
30 formed only on a central portion of the holographic optical element 2206. Also, the interference fringes are split into 
four region 2302, 2303, 2304 and 2305. 

[0084] The light reflected by the disk A or B is incident to the polarizing grating 2208 which generates a zeroth order 
(transmission) light beam and± 1st order diffraction light beam. Then, the transmission light beam passes through the 
area inside the interference fringe regions 2302 to 2305, while the ± 1st order diffraction light beam passes through 
35 the area outside of the interference fringe regions 2302 to 2305. 

[0085] In Fig. 23B, note that the interference fringes in the regions 2302 and 2303 have an offaxial concentric pattern. 
As a result, the areas 2302 and 2303 serve as a convex lens for the + 1st order diffraction light, and serve as a concave 
lean for the - 1st order diffraction light. 

[0086] In Fig. 24, which is a cross-sectional view of the microprism 2204 <2205) of Fig, 22, three glass blocks 2401 , 

40 2402 and 2403 are adhered by two dielectric multilayer flims 2404 and 2405. As a result, a P polarization component 
of an incident light beam 2206 completely passes through the dielectric multilayer film 2408, so that a transmission 
light beam 2207 is obtained. On the other hand, an S polarization component of the incident light beam 2206 is com- 
pletely reflected twice the dielectric multilayer films 2405 and 2404, so that a reflection light beam 2208 is obtained. 
[0087] In Fig. 25, which is an enlarged plan view of the photodetector 2203 of Fig. 22, reference numerals 2501 

45 through 2514 designate photodetecting portions, and 2521 through 2532 designate beam spots. 

[0088] The + 1st order diffraction light beam from the polarizing grating 2208 is split at the microprism 2204 into a 
transmission light beam and a reflection light beam, so that the transmission light beam forms the beam spot 2521 and 
the reflection light beam forms the beam spot 2522. Also, the - 1st order diffraction light beam from the polarizing 
grating 2208 is split at the microprism 2205 into a transmission light beam and a reflection light beam, so that the 

so transmission light beam forms the beam spot 2523 and the reflection light beam forms the beam spot 2524. 

[0089] On the other hand, the + 1st order diffraction light beam from the regions 2302 and 2303 of the holographic 
optical element 2206 form the beam spots 2525 and 2526, and the - 1st order diffraction light beam from the regions 
2302 and 2303 of the holographic optical element 2206 form the beam spots 2527 and 2528. Note that the photode- 
tecting portions 2505, 2506 and 2507 are located at the backward of the focal points, while the pohto/electro conversion 

55 portions 2508, 2509 and 251 0 are located at the forward of the focal points. 

[0090] Further, the ± 1st order diffraction light beams from the region 2304 of the holographic optical element 2206 
form the beam spots 2529 and 2531 , and the ± 1st order diffraction light beams from the area 2305 of the holographic 
optical element 2206 form the beam spots 2530 and 2532. 
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[0091] In the photodetector 2203, a focusing error signal V, is calculated by using a known spot size method: 

V, = V (2505) + V (2507) + V (2509) 
- V (2506) - V (2508) - V (2510) 

Also, a tracking error signal V t is calculated by using a known push-pull method: 

V t = V (2511) + V (2514) 
- V (2512) - V (2513) 



15 Further, an information signal V 4 is calculated by 



= V (2501) + V (2503) 
- V (2502) - V (2504) 



Here, V (2501), V (2502), — , V (2514) are outputs of the photo detecting portions 2501 , 2502, — , 2514, respectively. 
[0092] In Fig. 26, which illustrates a third embodiment of the present invention, a laser diode 1V for a635 nm wave- 
length light beam is provided instead of the module 11 of Fig. 5, and the interference filter 13 of Fig. 5 is modified into 
25 an interference filter 13'. Also, a quarter wave plate 2601 is added to the elements of the apparatus of Fig. 5. A 635 
nm wavelength P polarization light beam completely passes through the interference filter 13', while a 635 nm wave- 
length S polarization light beam and a 785 nm wavelength light beam are completely reflected by the interference filter 
13'. Also, the quarter wave plate 2601 is optimized for the 635 nm wavelength light beam. 

[0093] The 635 nm wavelength light beam emitted from the laser diode 11 ' completely passes through the interference 

30 filter 1 3' as a P polarization light beam and is incident to the collimator lens 4 which generates a collimated light beam . 
Then, the quarter wave plate 2601 converts a linearly polarizing light-to-circularly polarizing light. Then, the circularly 
polarizing light is incident to the holographic optical element 5'. Then, the transmission light beam of the holographic 
optical element 5' is incident to the objective lens 6\ and then, is focused at the disk A. A reflected light beam from the 
disk A is again incident via the objective lens 6' to the holographic optical element 5' and passes therethrough. Then, 

35 the quarter wave plate 2601 converts a circularly polarizing light-to- alinearly polarizing light. The output of the quarter 
wave plate 2601 is incident as a collimated light beam to the collimator lens 4. The transmission light beam of the 
collimator lens 4 is incident as an S polarization light beam to the interference filter 13*. Thus, the S polarization light 
beam is completely reflected by the interference filter 13* and is received by the photodetector of the module 12. 
[0094] On the other hand, the 785 nm wavelength light beam emitted from the laser diode of the module 1 2 is com- 

40 pletely reflected by the interference filter 13* and is incident to the collimator lens 4 which generates a collimated light 
beam. Then, the quarter wave plate 2601 converts a linearly polarizing light-to-ellipticairy polarizing light. Then, the 
elliptically polarizing light is incident to the holographic optical element 5\ Then, the-1st order diffraction light beam of 
the holographic optical element 5' is incident as a divergent light beam to the objective lens 6', and then, is focused at 
the disk B. A reflected light beam from the disk B is again incident via the objective lens 6' to the holographic optical 

45 element 5' and is diffracted thereby. Then, the 1/4 interference filter 2601 converts an elliptically polarizing light-to- 
ellipticany polarizing light. The output of the quarter wave plate 2601 is incident as a collimated light beam to the 
collimator lens 4. The transmission light beam of the collimator lens 4 is incident to the interference filter 13', and is 
completely reflected by the interference filter 1 3'. Thus, the light is received by the photodetector of the module 12. 
[0095] In Fig. 27, which illustrates a fourth embodiment of the present invention, a laser diode 12' for a 785 nm 

so wavelength light beam is provided instead of the module 1 2 of Fig. 5, and the interference filter 1 3 of Fig. 5 is modified 
into an interference filter 13". Also, a quarter wave plate 2701 is added to the elements of the apparatus of Fig. 5. A 
635 nm light beam and a 785 nm wavelength P polarization light beam completely passes through the interference 
filter 13", while a 785 nm wavelength S polarization light beam is completely reflected by the interference filter 13". 
Also, the quarter wave plate 2701 is optimized for the 785 nm wavelength light beam. 

55 [0096] The 635 nm wavelength light beam emitted from the laser diode of the module 11 completely passes through 
the interference filter 13" and is incident to the collimator lens 4 which generates a collimated light beam. Then, the 
quarter wave plate 2701 converts a linearly polarizing light-to-elliptically polarizing light. Then, the elliptically polarizing 
light is incident to the holographic optical element 5'. Then, the transmission light beam of the holographic optical 



11 



BNSDOCID: <EP 1109164A2J_> 



10 



15 



20 



25 



EP P 1 1,09 164 A2 

element 5' is incident to the objective lens 6\ and then, is focused at the disk A. A reflected light beam from the disk 
A is again incident via the objective lens 6' to the holographic optical element 5'. Then, the quarter wave plate 2701 
converts an elliptically polarizing light-to-linearly polarizing light. The output of the quarter • - we plate 2701 is incident 
as a collimated light beam to the collimator lens 4. The transmission light beam of the cc; . ntor lens 4 is incident to 
the interference filter 13", and then, completely passes through the interference filter 13" -us, the light is received 
by the photodetector of the module 11 . 

[0097] On the other hand, the 785 nm wavelength light beam emitted from the laser diode 12' is reflected by the 
interference filter 1 3" as an S polarization light beam and is incident to thecollimator lens 4 which generates acollimated 
light beam. The quarter wave plate 2701 converts a linearly polarizing !ight-to-circulariy polarizing light Then the 
circularly polarizing light is incident to the holographic optical element 5'. Then, the-1st order diffraction light beam of 
the holographic optical element 5' is incident as a divergent light beam to the objective lens 6\ and then is focused at 
the disk B. A reflected light beam from the disk B is again incident via the objective lens 6' to the holographic optical 
element 5' and is diffracted thereby. Then, the quarter wave plate 2701 converts a circularly polarizing light-to- linearly 
polarizing light. The output of the quarter wave plate 2701 is incident as a collimated light beam to thecollimator lens 
4. The transmission light beam of the collimator lens 4 is incident as a P polarization light beam to the interference 
filter 13". Thus, the P polarization light beam completely passes through the interference filter 13" and is received bv 
the photodetector of the module 11. y 

[0098] Although the third and fourth embodiments are modifications of the first embodiment, the same modifications 
can be made in the second embodiment. 

[0099] In Fig. 28, which illustrates a fifth embodiment of the present invention, an aperture limiting element 2801 is 
provided instead of the holographic optical element 5' of Fig. 5. In this case, there are prepared two types of disks a 
high density thick disk A' and a low density thick disk B having the same thickness as illustrated in Fig 4 
[0100] A 635 nm wavelength light beam emitted from the laser diode of the module 11 completely passes through 
the interference filter 1 3 and is incident to the collimator lens 4 which generates a collimated light beam. The collimated 
light beam passes through the entire aperture limiting element 2801 to reach the objective lens 6. Then the light beam 
passes through the objective lens 6 and is focused at the disk A'. A reflected light beam from the disk A' is again incident 
via the objective lens 6 to the aperture limiting element 2801 . Then, the light beam passes through the aperture limiting 
element 2801 and the collimator lens 4 to reach the interference filter 13. Further, the light beam completely passes 
through the interference filter 1 3 and is received by the photodetector of the module 11 . 
30 [0101] Thus, an effective numerical aperture for the 635 nm wavelength light beam is dependent upon the diameter 
and focal length of the objective lens 6. 

[0102] On the other hand, a 785 nm wavelength light beam emitted from the laser diode of the module 12 is completely 
reflected by the interference filter 1 3 and is incident to the collimator lens 4 which generates a collimated light beam 
The collimated light beam passes through only a central portion of the aperture limiting element 2801 to reach the 
objective lens 6. Then, the light beam passes through the objective lens 6 and is focused at the disk B A reflected 
light beam from the disk B is again incident via the objective lens 6 to the aperture limiting element 2801 Then the 
light beam passes through only the central portion of the aperture limiting element 2801 and thecollimator lens 4 to 
reach the interference filter 1 3. Further, the light beam is completely reflected by the interference filter 13 and is received 
by the photodetector of the module 12. 

[0103] Thus, an effective mumerical aperture for the 785 nm wavelength light beam is dependent upon the diameter 
of the effective central portion of the aperture limiting element 2801 and the focal length of the objective lens 6 
[0104] Fig. 29A is a plan view of a first example of the aperture limiting element 2801 of Fig. 28 and Fig 29B is a 
cross-sectional view taken along the line B-B of Fig. 29A. Reference numeral 2901 designates a glass substrate on 
which an interference filter layer 2902 and a phase compensation layer 2903 are formed. Also an aperture 2904 is 
perforated in the interference filter layer 2902 and the phase compensation layer 2903. In this case a diameter D2 of 
the aperture 2904 is smaller than an effective diameter D1 of the objective lens 6. The interference filter layer 2902 
completely passes the 635 nm wavelength light therethrough, while the interference filter layer 2902 completely reflects 
the 785 nm wavelength light thereby. The phase compensation layer 2903 adjusts a phase difference between the 635 
nm wavelength light through the interference filter layer 2902 and the phase compensation layer 2903 and the 635 nm 
wavelength light passed through the air so that this phase difference is brought close to 2 n. That is, in the outside of 
the aperture 2904, the 635 nm wavelength light completely passes through the aperture limiting element 2801 and 
the 785 nm wavelength light is completely reflected by the aperture limiting element 2801 . On the other hand in the 
inside of the aperture 2904, both the 635 nm wavelength light and the 785 nm wavelength light completely pass throuqh 
the aperture limiting element 2801 . "* 

[01 05] The interference filter layer 2902 can be formed by an alternately stacked configuration of an odd number of 
high refractive index layers made of Ti0 2 , for example, and an even number of low refractive index layers made of 
Si0 2 , for example. In order to obtain a high wavelength selection characteristics, the following formulae should be 
satisfied: 
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where 

5 

n 1 is a refractive index of the high refractive index layer; 
n 2 is a refractive index of the low refractive index layer; 
d n is a thickness of the high refractive index layer; 
d 2 is a thickness of the low refractive index layer; and 
10 X is 785 nm. 

[0106] For example, if the high refractive index layers are made of Ti0 2 and the low refractive index layers are made 
of Si0 2 , n n = 2.30 and n 2 = 1 .46, so that d n = 85 nm and o^ = 134 nm. 
[0107] The phase compensation layer 2903 can be made of Si0 2 . 

15 [0108] Fig. 30A is a plan view of a second example of the aperture limiting element 2801 of Fig. 28, and Fig. 30B is 
a cross-sectional view taken along the line B-B of Fig. 30A. Reference numeral 3001 designates a glass substrate on 
which a grating 3002 is formed. Also, an aperture 3003 is perforated in the grating 3002. In this case, a diameter D2 
of the aperture 3003 is smaller than the effective diameter D1 of the objective lens 6. The grating 3002 completely 
passes the 635 nm wavelength lighttherethrough, while the grating 3002 almost completely diffracts the 785 nm wave- 

20 length light thereby. That is, in the outside of the aperture 3003, the 635 nm wavelength light completely passed through 
the aperture limiting element 2601 , and the 785 nm wavelength light is almost completely reflected by the aperture 
limiting element 2801 . On the other hand, in the inside of the operture 3303, both the 635 nm wavelength light and the 
785 nm wavelength light completely pass through the aperture limiting element 2801 . 

[0109] The pattern of the grating 3002 can be formed by etching the glass substrate 3001 or depositing silicon oxide 
25 on the glass substrate 3001 . If the height and the refractive index of the grating 3002 are given by h and n, respectively, 
the transmittance is represented by 
cos 2 (<(> /2) where 

4 = 2 it (n-1 )h/ X. If h = 4.14 u. m and n = 1.46, then 
30 $ = 6 n for X = 635 nm. Therefore, the transmittance is 1 00 %. On the other hand, 

<J) = 4.85 n for X = 785 nm. Therefore, the transmittance is 5.4 %. 

[0110] Fig. 31 A is a plan view of a third example of the aperture limiting element 2801 of Fig. 28, and Fig. 31B is a 
cross-sectional view taken along the line B-B of Fig. 31 A. Reference numeral 3101 designates a glass substrate on 

35 which a grating 3102, an interference filter layer 3103 are formed. Also, reference numeral 3104 designates a glass 
substrate on which a phase compensation layer 31 08 is formed. The glass substrates 3101 and 3104 are adhered by 
adhesives 3106. Also, an aperture 3107 is perforated in the grating 3102, the interference filter layer 3103 and the 
phase compensation layer 3105. In this case, a diameter D2 of the interference 3107 is smaller than an effective 
diameter D1 of the objective lens 6. The interference filter layer 3103 completely passes the 635 nm wavelength light 

40 therethrough, while the interference filter layer 3103 completely reflects the 785 nm wavelength light thereby. The 
phase compensation layer 31 05 adjusts a phase difference between the 635 nm wavelength lieht passed through the 
grating 3102, the interference filter layer 3103 and the phase compensation layer 3105 and the 635 nm wavelength 
light passed through the adhesives 3106 and the air, so that this phase difference is brought close to 2 tc. 
[0111] That is, in the outside of the aperture 3107, the 635 nm wavelength light completely passes through the 

45 aperture limiting element 2801 , and the 785 nm wavelength light is completely reflected by the aperture limiting element 
2801 . On the other hand, in the inside of the aperture 31 07, both the 635 nm wavelength light and the 785 nm wavelength 
light completely pass through the aperture limiting element 2801 . 

[0112] The pattern of the grating 3102 can be formed by etching the glass substrate 3101 or depositing silicon oxide 
on the glass substrate 3101. The grating 31 02 does not operate forthe light beam which passes through the interference 
so filter 3103, while it does operate forthe reflected light beam which is reflected by the interference filter film 3103. The 
interference fringes of the grating 3102 can be concentric circular as well as concentrically linear. If the height and 
refractive index of the grating 3102 are given by h and n, respectively, the reflectance is represented by 
cos 2 (<t> /2) where 

55 $ = 4 n n h/X. If h = 134 nm and n = 1.46, then 

<j> = it for X = 785 nm. Therefore, the 

reflectance is 0 %, which means that the 785 mm wavelength light is completely reflected by the grating 31 02. 
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[01 13] The interference filter layer 31 03 can be formed by an alternate stacked configuration of an odd number of 
high refractive index layers and an even number of low refractive index layers in the same way as the interference 
filter layer 2902 of Fig. 29B. 

[01 1 4] The phase compensation layer 31 05 can be made of silicon oxide. Also, the adhesives 31 06 has approximately 
5 the same refractive index as the grating 3102. 

[01 15] In Figs. 29A, 29B, 30A, 30B, 31 A and 31 B, if f is the focal length of the objective lens 6, the numerical aperture 

for the 635 nm wavelength light is given by D1/2f and the numerical aperture for the 785 nm wavelength light is given 

by D2/2f. For example, f = 3 mm, D1 =1.56-2 mm and 02 = 1.35 • 2 mm, then, D1/2f = 0.52 and D2/2f = 0.45. 

Therefore, it is possible to read a digital video disk by using the 635 nm wavelength light beam and the objective lens 
10 means (6, 2801 ) having the numerical aperture of 0.52. Also, it is possible to read a-compact disk including a CD-R 

by using the 785 nm wavelength light beam and the objective lens means {6, 2801) having the numerical aperture of 

0.45. 

[0116] Further, in Fig. 28, it is possible to form the aperture limiting element 2801 directly on the objective tens 6. 
[01 1 7] In Fig. 32, which illustrates a sixth embodiment of the present invention, reference A designates a high density 
is thin disk, A' designates a high density thick disk and B designates a low density thick disk. That is, the sixth embodiment 
as illustrated in Fig. 32 corresponds to a combination of the second embodiment as illustrated in Fig. 8 and the fifth 
embodiment as illustrated in Fig. 28. Therefore, in Rg. 32, the holographic optical element 5" of Fig. 8 and the aperture 
limiting element 2801 of Rg. 28 are combined into an aperture limiting holographic optical element 3201. 
[0118] The 635 nm wavelength light beam emitted from the laser diode of the module 11 passes through the inter- 
ne ference filter 13 and is incident to the collimator lens 4 which generates a collimated light beam. The collimated light 
beam is incident to the aperture limiting holographic optical element 3201 . In this case, the light beam from the collimator 
lens 4 passes through the entire aperture limiting holographic optical element 3201 , so that the numerical aperture for 
this light beam is large. Also, the aperture limiting holographic optical element 3201 generates a zeroth order ^trans- 
mission) light beam and a + 1st order diffraction light beam. The + 1st order diffraction light beam is incident as a 

25 convergent light beam to the objective lens 6", and then, is focused on the disk A. Also, the transmission light beam 
is incident as a collimated light beam to the objective lens 6\ and then, is focused on the disk A\ A reflected light beam 
from the disk A or A' is again incident via the objective lens 6 M to the aperture limiting holographic optical element 3201 
and is split into a zeroth order (transmission) light beam and a + 1st order diffraction light beam at the aperture limiting 
holographic optical element 3201. The + 1st order diffraction light beam from the disk A and the transmission light 

30 beam from the disk A' passes through the interference filter 1 3 to reach the photodetector of the module 11 . 

[01 19] On the other hand, the 785 nm wavelength light beam emitted from the laser diode of the module 1 2 is reflected 
by the interference filter 13 and is incident to the collimator lens 4 which generates a -collimated light beam. The colli- 
mated light beam is incident to the aperture limiting holographic optical element 3201 . In this case, the light beam from 
the collimator lens 4 passes through only a central portion of the aperture limiting holographic optical element 3201 , 

35 so that the numerical aperture for this light beam is small. A zeroth order (transmission) light beam of the aperture 
limiting holographic optical element 3201 is incident as a collimated light beam to the objective lens 6", and then, is 
focused on the disk B. A reflected light beam from the disk B is again incident via the objective lens 6" to the aperture 
limiting holographic optical element 3201. The zeroth order (transmission) light beam of the aperture limiting holo- 
graphical optical element 3201 is reflected by the interference filter 1 3 and reaches the photodetector of the module 1 2. 

40 [01 20] In Fig. 32, the objective lens 6 B has a spherical aberration capable of compensating for a spherical aberration 
caused when the outgoing transmission light beam of the objective lens 6" is incident to the disk A' or B and returns 
therefrom. Therefore, the zeroth order {transmission) light beam of the aperture limiting holographic optical element 
3201 can be focused at the disk A' or B without aberrations. On the other hand, the aperture limiting holographic optical 
element 3201 has a spherical aberration capable of compensating for a sum of a spherical aberration caused when 

45 the 635 nm wavelength outgoing + 1st order diffraction light beam of the aperture limiting holographic optical -element 
3201 is incident to the disk A and returns therefrom and a spherical aberration of the objective lens 6 B caused when 
the outgoing + 1 st order diffraction 635 nm wavelength light beam of the aperture limiting holographic optical element 
3201 is incident to the objective lens 6" and returns therefrom. Therefore, the + 1st order diffraction 635 nm wavelength 
light beam of the aperture limiting holographic optical element 3201 can be focused at the disk A without aberrations. 

50 [0121] Fig. 33 is a cross-sectional view of a first example of the aperture limiting holographic optical element 3201 
of Fig. 32, and Figs. 34A and 34B are a front plan view and a rear plan view of the aperture limiting holographic optical 
element 3201 of Fig. 33. 

[0122] As illustrated in Rgs. 33 and 34A, a hologram 3302 is formed on a glass substrate 3301 . That is, saw-tooth 
concentric interference fringes 3302a are provided inside the area having a diameter 02 smaller than the effective 
55 diameter D1 of the objective lens 6", and rectangular concentric interference fringes 3302b are provided outside the 
area having a diameter D2. In this case, if the height of the hologram is 2h, the refractive index is n, and the wavelength 
of the incident light is X, the transmrttanceri 0 and the diffraction efficiency t\ + 1 of the + 1st order diffraction light inside 
the area having a diameter 02 are represented by 
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*> i. 



T| c = (sin 2 $ / <|> 2 (6) 



(sin 2 $)/(<!> -it) 2 (7) 



15 



30 



where <|>= 2rc(n-1) h/X 

Therefore, rf h = 345 nm and n = 1 .46, 



Then, n 0 = ^ + 1 = 0 405 

[0123] Also, § = 0.404 k for X =785 nm 



4> = it /2 for X = 635 nm 



tj 0 = 0.566 



[0124] On the other hand, the transmittance ti 0 and the diffraction efficiency y\ + 1 of the + 1st order diffraction light 
20 outside the area having a diameter D2 are represented by 

T| 0 = cos 2 (4> /2) (8) 

25 ti +1 =4 jc 2 sin 2 (4> /2) (9) 

where $ — 4 n (n-1 )h/ X 

Therefore, if h = 345 nm and n = 1 .46, 



4> = n for X - 635 nm 



Then, "n 0 = 0 

35 

T| + 1 = 0.405 



[0125] Thus, in the hologram 3302, about 40.5 % of the 635 nm wavelength light beam passes through the area 
40 having a diameter D2 as a transmission light beam, and about 40.5 % of the 635 nm wavelength light beam is diffracted 
by the area having a diameter D1 as a +• 1st order diffraction light beam. Also, about 56.6 % of the 785 nm wavelength 
light beam passes through the having a diameter D2 as a transmission light beam. 

[0126] Thus, the hologram 3302 can compensate for the above-described spherical aberration of the + 1st order 
diffraction 635 nm wavelength light beam, and also can serve as a convex lens for the + 1st order diffraction 635 nm 
45 wavelength light beam. As a result, the focal point of the + 1st order diffraction light beam at the disk A is near from 
the focal point of the transmission light beam at the disk A' or B, so that the distance between the surface of the disk 
A and the objective lens 6 M can be about the same as the distance between the surface of the disk A' or B and the 
objective lens 6". 

[0127] As illustrated In Figs. 33 and 34B, an interference filter layer 3303 and a phase compensation layer 3304 are 
50 formed on a glass substrate 3301 . Also, an aperture 3305 is perforated in the interference filter layer 3303 and the 
phase compensation layer 3304. In this case, a diameter D3 of the aperture 3305 is smaller than the diameter D2. The 
interference filter layer 3303 completely passes the 635 nm wavelength light therethrough, while the interference filter 
layer 3303 completely reflects the 785 nm wavelength light. The phase compensation layer 3704 adjusts a phase 
difference between the 635 nm wavelength lieht passed through the interference filter layer 3303 and the phase com- 
55 pensation layer 3304 and the 635 nm wavelength light passed through the air so that this phase difference is brought 
close to 2 n . That is, in the area outside of the aperture 3308, the 635 nm wavelength light completely passes there- 
through, and the 785 nm wavelength light is completely reflected thereby. On the other hand, in the inside of the aperture 
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3308, both the 635 nm wavelength light and the 785 nm wavelength light completely pass therethrough 

[01 28] The interference filter layer 3303 and the phase compensation layer 3304 can be formed in the same way as 

the interference filter layer 2902 and the phase compensation layer 2903 of Fig. 29B. 

[0129] Fig. 35 is a cress-sectional view of a second example of the aperture limiting ho^vaphlc optical element 
3201 of Fig. 32, and Figs. 36A and 36B are a front plan view and a rear plan view of the aper. limiting holographic 
optical element 3201 of Fig. 35. 

[0130] As illustrated in Figs. 35 and 36A, a hologram 3502 is formed on a glass substrate 3501 That is staircase 
concentric interference fringes 3502a are provided inside of the area having a diameter D2 smaller than the effective 
diameter D1 of the objective lens 6", and rectangular concentric interference fringes 3502b are provided outside the 
area having a diameter D2. In this case, if the height of the hologram is 3/2, the refractive index is n, and the wavelength 
of the incident light is X , the transmittance r\ 0 and the diffraction efficiency r\ + 1 of the + 1st order diffraction light in 
the area having a diameter D2 are represented by the above-described formulae <3) and <4). 
Therefore, if h = 345 nm and n = 1 .46, 

<J> = ic 12 for X = 635 nm 

Then, t\ 0 = 0.427 



T} 4 1 = 0.346 



[0131] Also, <|> = 0.404 n for X =785 nm 
Then, 



t\ 0 = 0.588 



[0132] On the other hand, the transmittance n. 0 and the diffraction efficiency n + 1 of + 1st order diffraction liaht 
30 outside the area having a diameter D2 are represented by 

11 0 = cos 2 <<|> /2) (10) 



ti +1 = (4/ it 2 )sin 2 (<J> /2) 



where $ = 3 n (n-1 )h/ X 

Therefore, if h « 345 nm and n = 1 .46, 



4> =3?c/4forX=635nm 

Then, T| 0 = 0.146 

ri +1 = 0.346 



[0133] Thus, in the hologram 3502, about 42.7 % of the 635 nm wavelength light beam passes through the area 
insidethe area having a diameter D2 as a transmission light beam, and about 1 4.6 % of the 635 nm wavelength light 
beam passes through the area having diameter D2 as a transmission light beam. Also, about 34.6 % of the 635 nm 
wavelength light beam is diffracted by the area having a diameter D1 as a + 1 st order diffraction light beam Therefore 
the efficiency of the outgoing and incoming 635 nm wavelength light beam is 1 8.2 % in the area insidethe area having 
a d»ameter D2 and 2.1 % in the area outside the area having a diameter D2. The latter efficiency is neglible ascompared 
with the former efficiency. Also, about 58.5 % of the 785 nm wavelength light beam passes through the area having a 
diameter D2 as a transmission light beam. ' 
[0134] Thus, the hologram 3402 can compensate for the above-described spherical aberration of the + 1st order 
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diffraction 638 nrn wavelength light beam, and also can serve as a convex lens for the + 1st order diffraction 638 nm 
wavelength light beam. As a result, the focal point of the + 1st order diffraction light beam at the disk A is near from 
the focal point of the transmission light beam at the disk A' or B, so that the distance between the surface of the disk 
A and the objective lens 6 U can be about the same as the distance between the surface of the disk A' or B and the 
5 objective lens 6". 

[0135] As illustrated in Figs. 35 and 36B, a grating 3504 and an interference filter layer 3505 are formed on a front 
surface of a glass substrate 3503, and a phase compensation layer 3506 is formed on a rear surface of the glass 
substrate 3503. In this case, the glass substrates 3501 and 3503 are adhered by adhesives 3507. Also, an aperture 
3508 is perforated in the grating 3504, the interference filter layer 3505 and the phase compensation layer 3506. In 

10 this case, a diameter D3 of the aperture 3508 is smaller than the diameter D2. The interference filter layer 3505 com- 
pletely passes the 635 nm wavelength light therethrough, while the interference filter layer 3505 completely reflects 
the 785 nm wavelength light thereby. The phase compensation layer 3506 adjust a phase difference between the 635 
nm wavelength lieht passed through the grating 3504, the interference filter layer 3505 and the phase compensation 
layer 3506 and the 635 nm wavelength light passed through the adhesives 3507 and the air, so that this phase difference 

15 is brought close to 2 ti. 

[0136] That is, in the outside of the aperture 3508, the 635 nm wavelength light completely passes through the 
aperture limiting holographic optical element 3201, and the 785 nm wavelength light is completely reflected by the 
aperture limiting holographic optical element 3201 . On the other hand, In the inside of the aperture 3058, both the 635 
nm wavelength light and the 7B5 nm wavelength light completely pass through the aperture limiting holographic optical 
20 element 3201. 

[0137] The hologram 3502 can be formed in the same way as the holographic optical element 5'. as illustrated in 
Figs. 6A and 6B. 

[0138] The grating 3504, the interference filter layer 3505 and the phase compensation layer 3506 can be formed 
in the same way as the grating 31 02, the interference filter layer 3103 and the phase compensation layer 31 05 of Fig. 
25 31B. 

[0139] As explained hereinabove, according to the present invention, an optimum reading operation can be carried 
out for two or more different types of disks in which the thickness is different and/or the density is different 



30 Claims 

1 . An optical head apparatus comprising: 
a first light source (12, 11) for emitting a first light beam having a first wavelength; 

a second light source (11, 12) for emitting a second light beam having a second wavelength different from 
said first wavelength; 

optica! combining means (13) for combining said first light beam and said second light beam; 
a holographic optical element (5', 5") for receiving said first light beam and said second light beam from said 
optical combining means to generate a zeroth order light beam, of said first light beam and one of ± 1st order 
diffraction light beams of said second light beam; 

an objective lens (6\ 6") for converging said zeroth order light beam at a first optical recording medium (A, B) 
having a first thickness and converging said one of± 1st order diffraction light beams at a second optical 
recording medium (B, A) having a second thickness different from said first thickness; 
photodetector means (11 , 12); 

a first reflected light beam of said zeroth order light beam reflected by said first optical recording medium 
passing through said objective lens, said holographic optical element and saidoptical combining means to said 
photodetector means, 

a second reflected light beam of said one of ± 1 st order diffraction light beams reflected by said second optical 
recording medium passing through said objective lens, said holographic optical element and said optical com- 
bining means to said photodetector means. 

2. The apparatus as set forth in claim 1 , wherein said objective lens has a spherical aberration capable of compen- 
sating a spherical aberration caused when said zeroth order light beam is incident to said first optical recording 
medium and returns from said first optical recording medium, 

55 said holographic optical element having a spherical aberration capable of compensating a sum of a spherical 

aberration caused when said one of ± 1st order diffraction light beams is incident to said second optical recording 
medium and returns from said second optical recording medium and a spherical aberration caused when said one 
of ± 1st order diffraction light beams is incident to said objective lens and returns from said objective lens. 
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3. The apparatus as set forth in claim 1 or 2, wherein said holographic optical -element comprises: 

a glass substrate (501); and 

concentric interference fringes on an area of said glass substrate, said area having a diameter smaller than 
5 . an effective diameter of said objective lens. 

4. The apparatus as set forth in claim 3, wherein said concentric interference fringes have a multilevel staircase 
cross -section. 

10 5. The apparatus as set forth in claim 1 or 2, wherein said holographic optical element comprises: 
a glass substrate (501 ); 

concentric interference fringes on a first area of a front surface of said glass substrate, said first area having 
a diameter approximately the same as an effective diameter of said objective lens; 
15 an interference filter layer (509); and 

a phase compensation layer (510), 

said interference filter layer and said phase compensation layer being formed outside a second area of a rear 
surface- of said glass substrate, said second area having a diameter smaller than the effective diameter of said 
objective lens. 

20 

6. The apparatus as set forth in claim 5, wherein said concentric interference fringes have a multilevel staircase 
cross -section. 

7. The apparatus as set forth in any one of claims 1 to 6, wherein said photodetector means comprises first and 
25 second photodetectors, 

said optical combining means splitting said first and second reflected light beams for said first and second 
photodetectors, respectively. 

8. The apparatus as set forth in claim 7, wherein said optical combining means transmits one of said first and second 
30 light beams and one of said first and second reflected light beams and reflects the other of said first and second 

light beams and the other of said first and second reflected light beams. 

9. The apparatus as set forth in claim 7 or 8, wherein said optical combining means comprises a polarizing beam 
splitter, 

35 

the one of said first and second light beams emitted from said first and second light sources being a P polarized 
light beam, 

the other of said first and secondlight beams emitted from said first and second light sources being an S 
polarized light beam. 

10. The apparatus as set forth in any one of claims 1 to 6, wherein isaid photodetector means comprises a single 
photodetector, 

said optical combining means transmitting one of said first and second light beams and reflecting the other 
of said first and second light beams and said first and second reflected light beams. 

1 1 . The apparatus as set forth in claim 1 0, wherein said optical combining means comprises an interference filter (1 3'), 

the one of said first and second light beams emitted from said first and second light sources being a Ppolarized 
light beam, — . . 

the other of said first and second light beams emitted from said first and second light sources being a P 
polarized light beam, 
said first and second reflected light beams being S polarized light beams.. 

12. The apparatus as set forth in any one of claims 1 to 6, wherein said photodetector means comprises a single 
55 photodetector, 

said optical combining means transmitting one of said first and -second light beams and said first and second 
reflected light beams and reflecting the other of said first and second light beams . 
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13. The apparatus as set forth in claim 12, wherein said optical combining means comprises an interference filter (1 3"), 

the one of said first and second light beams emitted from said first and second light sources being an S 
. polarized light beam, 

5 the other of said first and second light beams emitted from said first and second light sources being an S 

polarized light beam, 

said first and second reflected light beams being P polarized light beams. 

14. The apparatus as set forth in any one of claims 1 to 13, wherein said holographic optical element (3201) further 
10 ' comprises an aperture limiting element for passing one of said first and second light beams and one of said first 

and second reflected light beams within a first window smaller than an effective area of said objective lens and 
passing the other of said first and second light beams and the other of said first and second reflected light beams 
within a second window approximately the same as the effective area of said objective lens, 

said objective lens converging one of ± 1st order diffraction light beams of said first light beam at a third 
15 optical recording medium (A 1 ) having one of said first thickness and said second thickness. and having a different 

recording density from one of said first and second optical recording medium. 

15. The apparatus as set forth in claim 14, wherein said aperture limiting element comprises: 

20 a glass substrate (3301); 

an interference filter layer (3303); and 
a phase compensation layer (3304), 

said interference filter layer and said phase compensation layer being formed outside of an area of said glass 
substrate, said area defining said first window. 

25 

16. The apparatus as set forth in claim 15, wherein said holographic optical element comprises a hologram (3302) 
* including a saw-tooth cross-section portion (3302a) and a rectangular cross-section portion (3302b) formed on 

said glass substrate, said saw-tooth cross-section portion being largen than said first coindow and smaller than 
said second window. 

17. The apparatus as set forth in claim 14, wherein said aperture limiting element comprises: 

a first glass substrate (3501); 
a second glass substrate (3503); 
35 a grating (3504); 

an interference filter layer (3505); and 
a phase compensation layer {3506), 

said grating, said interference filter layer and said phase compensation layer being formed outside of an area 
of said glass substrate, said area defining said first window. 
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18. The apparatus as set forth in claim 17, wherein said holographic optical element comprises a hologram (3502) 
including a multilevel staircase cross-section portion -(3502a) and a rectangular cross-section portion (3502b) 
formed on said first glass substrate, said multilevel staircase cross-section portion being larger than said first 
window and smaller than said second window. 
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